Mediterranean octocoral
Marine benthic invertebrates, particularly sessile ones, are subjected to fluctuations in their physical environment.
Most of these organisms (80% according to Thorson, 1964 ) have a pelagic larval phase. Thus, whereas the adult animal has no means of escaping unfavourable environmental conditions, the larvae may actively seek a suitable place for settlement, or at least postpone settlement for several days to several weeks, thus increasing the chance that currents may carry them to a more appropriate spot. Many larvae show a distinct exploratory behaviour, before deciding whether or not a given place is suitable for settlement (Knight-Jones, 1951; Meadows & Campbell, 1972 ; Thorson, 1950; Wilson, 1968 ). Among the triggering factors for settlement are light (Walton Smith, 1948; Thorson, 1964 , Williams, 1965 Bayne, 1969; Crisp & Ritz, 1973; Lewis, 1974; Wedler, 1975) , roughness of substratum (Gohar, 1940; Crisp & Ryland, I960; Williams, 1975; Théodor, 1967) , biological filming of substratum (Knight-Jones, 1951 ; Crisp & Ryland, I960; Lewis, 1974) and presence of conspecific individuals or biochemical influence of these, which may even lead to gregariousness (Knight-Jones, 1951; Thorson, 1964; Wilson, 1968; Bayne, 1969; Lewis, 1974; Williams, 1976) . The generally accepted idea is that larvae settle at those places where the adults will encounter favourable living conditions.
In two recent papers, I have demonstrated that one of the primary parameters governing octocoral distribution in the Mediterranean is submarine daylight (Weinberg, 1978 (Weinberg, , 1979 . This factor is so important in submarine ecology, that one author (Ercegovic, 1957) (Atoda, 1947 (Atoda, , 1951 Lewis, 1974 (Loeb & Wasteneys, 1917; Ullyott, 1936a; Millott, 1957; Carthy, 1958; Fraenkel & Gunn, 1961; Thorson, 1964; Williams, 1965;  S.
WEINBERG -BEHAVIOUR OF PLANULAE
In the first one a circular glass dish (0 19 cm) was placed in the experimental plane so that its centre corresponded with (Elliott, 1977) . H 0 (expectancy to find equal amounts of larvae in dark and illuminated sectors) could be rejected with an error probability of 0.1% (d = 5.1, p < 0.001).
Although inversion experiments such as the one described above tend to rule out the influence of any asymmetry inherent to the experimental set-up, I also undertook two types of control experiments.
The first one appears in the middle row of fig. 3 
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S. WEINBERG -BEHAVIOUR OF PLANULAE uted at random over the sectors (fig. 4a ). At this point the gradient filter was placed over the basin, and the lamp switched on. After a period of 3-5 hours, it was observed that a large number of larvae had moved to the bright side of the gradient (fig.   4b ), a tendency that increased over the following 10 hours (fig. 4c, d ). This experiment again confirmed the idea that if offered the choice between light and dark, the larvae of E. singularis will opt for light conditions. Moreover, this experiment seemed to prove that the larvae were able to discern between extremely small differences in irradiance, since irradiance in sector 1 was only about 2% stronger than that in both sectors 2.
Because it was not clear how fast the larval population responds to the gradient offered to them, another experiment was started on 30 June 1978, with about 1350 planulae, and during the first hours of the experiment more frequent observations were carried out. Fig. 5 shows the results.
After one hour ( fig. 5a ) no apparent crowding at the bright side of the gradient was observed. The larval distribution was random and never departed very much from the 6% per sector one expects with even distribution. After two hours, however, larvae started to crowd at sector 1 ( fig. 5b ). This tendency increased during the following 9 hours ( fig. 5c-f ). After having exposed the larvae to the light gradient during 11 hours, the light was switched off for 36 hours. During this period, the larvae were left either in the dark, or in a very feeble gradient, due to weak illumination in the room. After this 36 hour period a situation quite similar to that in fig. 5f was found, and the lamp was switched on again. Eight and a half hours later a very strong crowding was recorded in sector 1 (fig. 5g ). During a day with very clear sky (12 July 1978) the basin with 3300 larvae was put in full sunshine at 9 a.m. After 2.5 hours a net tendency to gather at the brightest side was again observed, although the left sector 2 contained more larvae than sector 1. On the other hand, the right sector 2 contained less ( fig. 7a ). This was due to the fact that the rays of the sun were falling obliquely through the uncoloured sector of the filter upon left sector 2 of the basin. Although the temperature had risen to an unnatural 25.9°C, the planulae were still moving. Three hours later, the situation had hardly evolved (fig. 7b ). The temperature was over 30°C now and all the larvae were dead. It was obvious, however, that even under these extreme circumstances, the planulae had moved to places with strongest irradiance.
That the larvae are able to perceive also extremely weak irradiances was discovered accidentally. In the night of 29-30 June 1978 a control experiment was undertaken. About 1350 larvae were put in the basin, which was left without gradient filter in the dark room. After 2.5 hours, distribution of the larvae was random, as expected ( fig. 8a) . The same was the case after 4 hours, although a slight, not very significant, migration seemed to have taken place towards sector 1 ( fig.   8b ). Very early next morning, after 8.5 hours in fig. 4 . Bright side of the gradient in sector 1. a, After 1 hour; b, after 2 hours; c, after 3 hours; d, after 6 hours; e, after 9 hours; f, after 11 hours; g, after 11 hours light, 36 hours darkness and again 8.5 hours light. Two hours after the start of the experiment, the population has already partially moved to the bright side, and continues to do so during at least 48 hours.
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S. WEINBERG -BEHAVIOUR OF PLANULAE the dark, the larvae were crowding in the left half of the basin, with preference for sectors 4 and 5 ( fig.  8c ). This unexpected tendency increased dramatically during the following 4.5 hours of the experiment (fig. 8d) (Fraenkel & Gunn, 1961) . Phototaxis is a directional reaction, resulting from the decision to move towards (or away from) a lightsource (Fraenkel & Gunn, 1961; Siebeck, 1976) , and this mechanism was ruled out, since the experimen- This behaviour was called photoklinokinesis by Fraenkel & Gunn (1961) . Recently (Stasko & Sullivan, 1971 ), this interpretation has been proved to be rather questionable, since these authors found light-dependent behaviour of planarians to be the result of responses to scattered lateral light, and therefore to be of a phototactic and not of a photokinetic nature.
Other explanations have been given, such as a decrease in activity (speed) in areas with optimum stimulation intensity, a phenomenon called orthokinesis by Fraenkel & Gunn (1961) . In this case, randomly moving animals will wander accidentally into a "preferred" area, and remain there longer on the average than in other areas, which eventually leads to an accumulation of animals in the preferred area (Siebeck, 1976) . Another mechanism is a "shock reaction" at the boundary of two areas with different stimulation intensities. Randomly moving animals have been described to move from light into dark without any reaction, but to show a shock reaction when crossing the boundary the other way round. As a result, the animals were trapped in the dark area. Ullyott ( 1936a) was very sceptical about this mechanism, which he ascribed to phototactic responses to directional stimuli of so low intensities that they had been overlooked by the previous investigators. . 10 ) during the period 40-50 seconds after the beginning of its tracking. Fig. 9 shows the tracks of two larvae, both moving along a rather erratic track, leading each one to cross the lightdark boundary several times in either direction, but a shock reaction was never observed. The same can be said for fig. 10 , where the paths of the b, ditto, after 4 hours; c, after 8.5 hours larvae start accumulating in the left gradient, due to a very weak light in the room (see text); d, ditto, after 13 hours. Local time is indicated for each situation.
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S. WEINBERG -BEHAVIOUR OF PLANULAE observed larvae are less erratic, but spiralling outwards, thus covering a given area efficiently.
Another characteristic of the larvae of E. singularis is their so-called "exploratory behaviour" in which they will remain at a given spot, thereby rotating rapidly, mostly in a counterclockwise direction (Weinberg & Weinberg, 1979 quadrants. Fig. 12 shows the obtained results. In three cases more larvae had gathered in the light, in two cases more were found in the dark and in one case equal amounts were found. A Mann-Whitney U-test was carried out, and the (7-value found ( U = 14) far too high for rejection of H"
(equal amounts of larvae in dark and illuminated quadrants). On the other hand, the planulae showed negative geotropism and gregariousness.
In the rearing aquaria as well as in the experimental set-up, the larvae were always found in clusters at the water surface, never on the bottom, and seldom isolated.
b.
Light gradient experiments
These experiments led to the same observations as those in the preceding paragraph. Although actively moving (see the differences between fig.   13a and b), the larvae never showed a preference for any light condition. Distribution of the larvae is not very even, however, due to gregariousness.
Aggregations appear in fig. 13 . Weinberg, 1978: fig. 5 ).
IV. CONCLUSIONS AND DISCUSSION
For a possible usefulness of this behaviour two tentative explanations may be given. The first is that (most of) the colonies of E. singularis contain zooxanthellae (E. singularis singularis (cf. Théodor, 1969) ). To perform optimally, the zooxanthellae need places with high irradiance values. Kawaguti (1944) states that all (hexacoral) larvae with zooxanthellae are photopositive. Although Thorson ( 1964) gives some exceptions to this rule, it might be worthwhile in this respect to investigate upon the behaviour of larvae of E. singularis aphyta, the form lacking zooxanthellae (Théodor, 1969 (Laborel & Vacelet, 1961; Weinberg, 1975 Weinberg, , 1978 Weinberg, , 1979 There is no evidence that this is the case, and not all populations are confined to caves (see above).
It is probable therefore that larval dispersion takes place as in most other species. Planulae are carried with currents to different habitats. On the grounds of the observations described in this article, the larvae may not be expected to crawl away from the light. Therefore, they will probably metamorphose under very different irradiance conditions. The fact that adult colonies are only encountered in dark places may therefore be explained by the tolerance of the colonies rather than the preferences of the planulae. Experiments involving adult animals are needed in order to elucidate these phenomena.
